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INTRODUCTION 


The  U.  3.  Air  Rorce  has  directed  that  aircraft 
lainrenance  programs  be  based  or  three  levels  of  main- 


;erarce:  organization, 


ro  — p <^rl  ■ 


jms  ms 


• a r-  --*  o /-»  rs  n 


once-oi  is 


relatively  fixed  budget.  The  scope  of  this  researc 
limited  to  depot  maintenance. 

Depot  maintenance  normally  consists  of  fou: 
categories : 


facility  for  predesignated  and  programmed  maintenance 
[14:25]." 

2.  Modification — "the  process  of  updating  the 
aircraft  to  the  current  technological  state-of-the-art 
[20]." 


ma.jor  structural  damage  [20]." 

4.  Analytical  conditional  inspection  (ACI) — 

the  systematic  disassembly  and  inspection  of 
representative  aircraft  to  locate  hidden  defects, 
deterioration  conditions,  corrosion,  fatigue/'over- 
stress,  etc.,  and  failure  in  the  structure  or 
system  [22:4], 


I 


Problem  Scatemer.’; 

Ogden  Air  Logistics  Center  (ALC)  is  the  prime 

'Technological  Repair  Center  (TEC)  for  the  P-4  aircraft 

(24).  Ogden  ALC 1 s Aircraft  Division  expends  millions  o: 

dollars  each  fiscal  year  in  operating  costs  on  these 

aircraft.  There  is  some  evidence  to  suggest  that  a 

o 

significant  portion  of  total  depot  expenditure  could 
be  due  to  rework  which  occurs  during  mainrenance 


( 3 ; 1 0 ; 20 ; 24 


'i  Tn-i  ■? 


is  percentage  criterion  of  total  depot 


expenditure  is  based  upon  a variance  of  two  percent  which 
the  Aircraft  Division  is  allowed  on  its  monthly  budgeted 
effectiveness  (24).  Por  this  research,  rework  is  defined 
as  any  maintenance  which  must  be  accomplished  more  than 
once  (per  depot  visit)  on  a particular  aircraft  during 
depot  level  maintenance. 

Examnles  of  common  events  which  fit  this  definition 


1.  A mechanic's  failure  to  remove  a plastic  cap 
from  the  inlet  port  of  the  main  refueling  valve  which  he 
installed.  This  error  was  discovered  two  weeks  later 
during  the  refueling  phase  of  maintenance.  The  additional 


'Based  upon  Ogden  ALC ' s Operating  Cost  Report 
( 0035AH03)  from  1 July  19  7^  through  30  June  1975,  the 
Aircraft  Division  expended  35,887,735. 


Greater  than  two  percent  of  total  depot  main- 
tenance cost. 


* 


work  necessary  to  troubleshoot  and  correct  the  discreoarcy 
can  be  attributed  to  rework  caused  by  faulty  workmanship. 

2.  During  a Functional  Check  Flight  (FCF)  an 
aileron  power  control  cylinder  failed  internally  and  the 
aircraft  aborted  because  of  flight  control  malfunctions . 

The  work  required  to  find  and  correct  this  problem  (which 
may  include  an  additional  FCF)  can  be  classified  as  rework 
caused  by  material  failure. 

3.  Because  a landing  gear  strut  was  net  available 
for  an  aircraft  which  was  scheduled  to  fly,  the  strut  was 
cannibalised  from  an  aircraft  on  the  production  line.  The 
work  required  for  the  removal,  installation  (when  a new 
strut  became  available),  and  operational  check  of  the 
landing  gear  system  of  the  aircraft  on  the  production  line 
can  be  attributed  to  rework  caused  by  cannibalization. 

The  Air  Force  Logistics  Command  (AFLC)  is  aware 
that  rework  contributes  to  the  overall  cost  of  depot  main- 
tenance, but  does  not  know  the  exact  magnitude  of  rework 
cost  (8).  This  research  attempted  to  determine  the 
proportion  of  total  depot  level  maintenance  cost  which  may 
directly  be  attributed  to  rework. 

Justification  and  Delimitation 

There  has  been  a clear  trend  of  increasing  aircraft 
complexify.  This  trend  has  been  accompanied  by  an  equal 
or  even  greater  increase  in  the  cost  of  maintenance 
(9:1 ;25:1 ).  In  a period  of  budgetary  constraints,  cost 
becomes  a critical  element  in  military  organizations.  A 


major  objective  of  each.  ALG  is  to  produce  a quality  product 
during  depot  level  maintenance  at  minimum  cost  (23:2-1). 

In  addressing  this  cost  orientation,  AZLCM  56-1  states: 

The  philosophy  and  concepts  of  production  control 
are  used  in  workload  management  to  give  our  customer 
a quality  product  at  minimum  cost.  Planning  and 
scheduling  workload  through  the  depot  maintenance 
- facility  is  not  sufficient  to  minimise  cost.  Rather, 
management  techniques  must  be  employed  to  insure  that 
planned  workloads  are  followed  and  controlled  [23:21]. 

Since  depot  management  is  predicated  on  management 
by  exception  (23:2-1),  there  is  a tendency  to  be  reactive 
instead  of  proactive.  That  is,  the  ALC  tends  to  resolve 
problems  after  they  occur  rather  than  initially  antici- 
pating and  preventing  the  problem.  One  such  problem  fitting 
this  classification  is  rework  (8 ; 10; 20; 2h) . Rework  cost 
and  its  potential  solution  are  major  concerns  at  all  com- 
mand levels,  including  the  Office  of  the  Secretary  of 
Defense  (8). 

In  May  1975,  Mr.  J.  Turk,  Office  of  the  Secretary 
of  Defense,  expressed  a desire  to  estimate  the  magnitude 
of  rework  cost  within  APLC  to  determine  whether  it  is  of 
sufficient  magnitude  to  warrant  special  attention  by  ail 
services  (8).  Numerous  studies  have  been  conducted  in  the 
area  of  depot  operations  (1 ; 2; 3;^; 8;9 ; 11 ; 12 ; 1 3 ; 14; 17; 18 ; 19; 
25).  However,  the  majority  of  these  studies  have  been  con- 
cerned with  individual  components  of  weapons  systems.  While 
none  of  these  studies  were  principally  concerned  with  rework, 
they  ail  tangentially  touched  upon  the  subject.  Prom  the 
literature  review,  this  research  effort  appears  to  be  the 
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first  attempt  to  ieternine  the  magnitude  of  rework  cost 
on.  the  ?-4  aircraft  at  Ogden  ADC. 

The  initial  benefactor  of  this  research  will  be 
Ogden  ADC's  Aircraft  Division.  If  this  research  can  demon- 
strate that  rework  cost  in  Ogden  ADC’s  Aircraft  Division  is 
significant,  it  would  justify  additional  research  to  iden- 
tify the  corrective  action  necessary  to  rectify  the  problem. 

If  the  major  areas  of  rework,  their  primary  causes, 
and  their  cost  magnitudes  can  be  identified,  this  infor- 
mation would  provide  Ogden  ADC's  Aircraft  Division  with  a 
basis  for  developing  and  implementing  improved  control 
procedures.  One  possible  approach  would  be  the  implemen- 
tation of  a 100  percent  inspection  system  for  quality 
assurance  instead  of  the  current  sampling  inspection  (20). 

In  this  manner,  rework  could  be  isolated  to  faulty  workman- 
ship of  specific  individuals.  Corrective  action,  in  terms 
of  additional  training  or  closer  supervision,  could  then  be 
implemented.  After  corrective  action  had  been  initiated, 
inspection  procedures  could  be  readjusted  accordingly. 
Cost/benefit  analysis  would  have  to  be  made  prior  to 
implementing  improved  control  procedures. 

If  the  results  of  the  Ogden  ADC's  research  justify 
it,  similar  efforts  could  be  conducted  at  other  ADCs  and 
TRCs  with  the  major  objective  of  reducing  rework  cost. 
Consequently,  this  research  could  aid  AFDC  in  accomplishing 
one  of  its  major  objectives  during  depot  level  maintenance, 
giving  the  customer  a quality  product  am  minimum  cost: 
(23:2-1). 


Dhe  objectives  of  this  research  were: 

Determine  the  magnitude  of  rework  cost  for  the 


?—  aircraft  during  depot  level  maintenance  at  Ogden  ALC. 

2.  Identify  the  major  areas  of  rework,  their 
primary  causes,  and  their  cost  magnitudes. 

3.  Develop  a standard  methodology  for  identifying 
and  classifying  rework  in  terms  of  areas,  causes,  and  cost 
magnitudes . 

h.  Stimulate  interest  for  conducting  similar 
research  at  other  ALCs  and  TRCs  with  major  emphasis  on 
reducing  rework  cost. 

Research  Hypothesis 

The  research  tested  the  following  hypothesis: 
Rework  cost  for  F-h.  aircraft  undergoing  depot  level  main- 
tenance at  Ogden  ALC  is  greater  than  two  percent  of  total 
depot  maintenance  cost. 


.J 


Chapter  2 
METHODOLOGY 

Cniverse  Forularion/Sanple 

For  this  research  the  universe  was  delimited  to 
consist  of  ail  U.  3.  Air  Force  F-4  aircraft  having  the 
opportunity  to  receive  depot  level  maintenance  at  Ogden 
A1C.  The  population  encompassed  all  U.  S.  Air  Force 
F-4- s receiving  depot  level  maintenance  at  Ogden  ALC. 

The  sample  was  30  rJ.  3.  Air  Force  F-4s  processed  through 
Ogden  ALC  during  the  third  quarter  of  FT75  (January  1 , 

1975  to  March  3\  1976). 

Sampling  Flan 

The  30  aircraft  selected  for  a sample  represent 
approximately  ten  percent  of  Ogden  ALC  Aircraft  Division's 
annual  F-4  workload  (24).  During  the  third  quarter  of 
FT75,  approximately  75  aircraft  were  in  various  phases  of 
depot  level  maintenance  at  Ogden  ALC.  These  phases  can  be 
classified  as  (24): 

1.  Aircraft  on  which  depot  level  maintenance  was 
started  during  the  second  quarter  and  completed  during  the 
third  quarter. 

2.  Aircraft  on  which  depot  level  maintenance  was 
started  and  completed  during  the  third  quarter. 
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3.  Aircraft  or  which,  depot  level  2a ircenarce  was 
started  during  the  third  quarter  and  completed  in  the  fourth 
quarter. 

The  aircraft  cn  which  depot  level  maintenance  was 
started  and  completed  during  the  third  quarter  were 
selected  as  the  sample  because  when  a request  for  data  was 
made,  these  were  the  only  aircraft  for  which  records  of 
depot  level  maintenance  were  readily  available.  Hence,  the 
sample  is  opportunistic. 

After  an  aircraft  departs  Cgden  ALC , its  depot 
maintenance  records  are  maintained  in  an  inactive  status 
for  six  months.  At  the  end  of  the  sixth  month,  the  records 
are  usually  destroyed  (20).  Arrangements  were  made  with 
Ogden  ALC  to  gain  access  to  these  inactive  records.  Instead 
of  destroying  the  records  at  the  end  of  six  months,  Cgden 
ALC  mailed  them  to  the  researchers. 

If  the  following  assumptions  can  be  verified,  the 
results  of  the  research  should  be  generalizable  to  the 
population: 

1.  The  major  types  of  depot  level  work  and  the 
major  types  of  tools  and  equipment  do  not  appreciably 
change  over  time. 

2.  A continuing  training  program  is  used  insuring 
that  mechanics  and  inspectors  maintain  proficiency. 

Sample  Data 

Sample  data  were  extracted  from  inactive  depot 
level  maintenance  records.  Each  inactive  record  is  divided 
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into  two  ia^or  categories:  predictable  operations  and 

unpredictable  operations  (20). 

Predictable  operations  are  negotiated  work  require- 
ments for  which  engineering  standards  have  been  established. 
Ihe  work  requirements  were  extracted  by  the  -Engineering  ari 
Planning  3ranch  from  pertinent  P— u maintenance  manuals. 

After  these  work  requirements  have  been  defined  and 
appropriate  standards  established  by  the  Engineering  and 
Planning  3ranch,  the  data  are  stored  in  the  main  computer. 
When  the  F-4  maintenance  manuals  are  changed,  revised,  or 
supplemented  and/or  the  standards  revised,  the  computer 
program  is  updated  accordingly  (20). 

Unpredictable  operations  are  classified  as  additional 
work  requirements  unknown  at  the  time  of  negotiation.  The 
’unpredictable  operations  become  known  as  the  aircraft  is 
processed  through  various  phases  of  depot  level  maintenance. 
Unpredictable  operations  are  generated  because  of  discrepan- 
cies discovered  during  an  in-depth  incoming  inspection  or 
because  of  rework  caused  by  faulty  workmanship,  material 
failure,  and/or  cannibalization  during  various  phases  of 
depot  level  maintenance  (20). 

'When  an  aircraft  arrives  at  the  depot,  its  negotiated 
work  requirements  have  been  previously  established  by  the 
using  activity,  the  system  manager,  and  Ogden  ALC.  Prior 
to  the  aircraft's  initial  phase  of  depot  level  maintenance, 
the  Engineering  and  Planning  3ranch  releases  to  the  Pro- 
duction Branch  a computerized  work  package  containing  the 
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appropriate  predictable  operations  necessary  to  comply  with 
the  specific  negotiated  work  requirements  on  the  aircraft. 
This  work  package  is  the  primary  element  of  the  official 
records  of  depot  maintenance  performed  on  the  aircraft 
during  this  particular  depot  visit  (24). 

As  'unpredictable  operations  become  known  by  the 
Production  3ranch,  the  information  is  transmitted  to  the 
Engineering  and  Planning  3ranch.  Seme  'unpredictable  oper- 
ations may  be  stored  in  the  computer  under  a "trigger-fix" 
subcategory.  "Trigger-fix"  operations  are  work  requirements 
for  which  engineering  standards  have  been  established,  but 
the  work  is  not  required  on  all  aircraft  processed.  The 
Engineering  and  Planning  3ranch  releases  the  specific 
"trigger-fix"  documents  necessary  to  comply  with  the 
discrepancies.  Por  those  'unpredictable  operations  not 
stored  in  the  computer,  the  Engineering  and  Planning  Branch 
releases  a computerized  book  containing  control  numbers 
which  are  used  for  tracking  each  discrepancy.  In  this  book 
the  discrepancy,  corrective  action,  and  actual  manhours 
expended  are  recorded.  The  "trigger-fix"  documents  and 
the  control  book  make  up  the  secondary  element  of  the 
official  records  of  depot  maintenance  performed  on  the 
aircraft  during  its  visit  (20). 

The  major  random  variables  addressed  were  total 
depot  maintenance  cost  and  internal  depot  maintenance 
rework  cost.  Total  depot  maintenance  cost  is  operationally 


defined  as  the  cost  assessed  to  Ogden  ALCrs  customers  for 


on  a particular  aircraft  during  a depot  level  maintenance. 

Its  ma^'or  elements  are:  (a)  faulty  workmanship, 

(b)  material  failure,  and  'c)  parns  cannibalization  (20). 

The  maximum  conceptual  strength  of  the  random 
variables,  in  terms  of  value/data  level,  is  conrinuous/'ratio . 
After  the  random  variables  were  classified  for  testing,  the 
value/data  level  was  discrete  inf ini te /interval  or  ratio. 

The  values  of  the  random  variables  were  indirectly 
extracted  from  aircraft  depot  level  maintenance  records. 

All  direct  labor,  which  includes  faulty  workmanship, 
material  failure,  and  cannibalization,  was  extracted  in 
terms  of  expended  manhours . Using  industrial  fund  costing, 
manhours  could  then  be  converted  into  cost.  That  is,  by 
multiplying  direct  labor  hours  to  a predetermined  budgetary 
rate,  cost  can  be  obtained.  At  Ogden  AhC , the  predetermined 
budgeted  rate  was  $19,601  for  FT75.  This  rate  includes 
material  and  overhead  (2h),  Therefore,  by  determining  the 
direct  labor  hours  for  each  random  variable,  its  associated 
cost  can  be  calculated. 
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maintenance  cost:  was  used  as  the  criterion  for  determining 
the  significance  of  rework  cost.  This  criterion  was 
selected  because  Ogden  ALC ' s Aircraft  Division  is  allowed 
a two  percent  variation  on  its  budgeted  effectiveness.  It 
is  assumed  that  a safety  margin  for  possible  rework  is  not 
included  in  the  two  percent  variation.  Since  budgeted 
effectiveness  is  the  ratio  of  budgeted  cost  to  actual  cost 
(2h)  and  rework  contributes  to  actual  cost,  the  criterion 
appears  to  be  logical. 

Statistical  Test 

The  statistical  technique  used  to  determine 
acceptance  or  rejection  of  the  research  hypothesis  was 
the  Student  t test.  This  test  was  selected  because  it  is 
appropriate  (in  terms  of  criteria  for  sample  size  and 
estimation  of  the  sample  mean  and  standard  deviation)  for 
interval  or  ratio  level  data.  The  approach  utilized  was 
co  apply  this  test  as  follows: 

1 . Determine  the  total  cost  and  rework  cost  for 
each  sample  aircraft. 

2.  Determine  the  ratio  of  rework  cost  to  total 
cost  for  each  sample  aircraft. 


3.  Determine  the  mean  of  the  30  ratios 


Wnei 


Z.  _ rework  cost 
total  cost 


Determine  the  variance  oh  the  30  ratios. 
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Determination  of  acceptance  or  rejection  of  the 
research  hypothesis  was  based  upon  the  following  decision 
rule  applied  at  the  .05  level  of  significance: 

If  t is  greater  than  t , reject  and  conclude 

o o , « wp, d y U 

that  rework  cost  is  greater  than  two  percenr  of  total  depot 
level  maintenance  cost, 
wiis  3?s ; 

H1 : Mq  **  2% 

t = the  "t"  value  obtained  from  the  Student 

C j 


table 


data  e.g. , 
where : 


t = the  "t"  value  computed  from  the  sample 

S 

's  »/yr- 

n = 30 

ILL  0 = the  acceptable  ratio  of  rework  cost  to 


total  cost  (2%) 
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V>J 


X 
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= as  previously  defined 
s = standard  deviation  of  the  sample  data 
3ased  upon  the  results  of  the  sample  data,  a 95 
percent  confidence  interval  was  established  to  predict  the 
expected  mean  of  rework  cost.  The  confidence  interval  was 
constructed  by  using  the  following  statistical  technique: 

= X + [“a  /2,  n-lj  -L  where  Cl/2  = .025 
All  other  terms  have  been  previously  defined. 


Assumptions 

1.  The  major  causes  of  rework  are  faulty  workman- 
ship, material  failure,  and  parts  cannibalization. 

2.  Rework  caused  by  depot  manager's  erroneous 
decisions  are  negligible. 

5.  Rework  caused  by  weather  is  negligible. 

h.  All  mechanics  and  inspectors  are  qualified  to 
perform  their  tasks. 

5.  Direct  labor  standards,  material  standards,  and 
overhead  do  not  appreciably  change  during  the  fiscal  year. 

5.  The  data  contained  in  the  sample  records  are 
accurate. 

7.  The  two  percent  variation  which  Ogden  ALC's 
Aircraft  Division  is  allowed  on  its  budgeted  effectiveness 
does  not  include  a safety  margin  for  possible  rework. 

S.  The  major  types  of  depot  level  work  and  the 
major  types  of  tools  and  equipment  do  not  appreciably  change 
over  time. 
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II. 


RESEARCH  PHTDIUGS 


Introduction 

This  chapter  addresses  the  findings  as  they  relate 
to  the  research  hypothesis  and  objectives  stated  in  Chapter 
2.  The  material  is  presented  in  chronological  sequence  from 
data  collection  through  analyzation  phases  of  the  research 
effort. 

Although  the  process  of  developing  a standard 
methodology  for  identifying  and  classifying  rework  was 
stated  as  the  third  objective  of  the  research  effort,  this 
methodology  had  to  be  developed  before  rework  could  be 
identified  and  classified  in  terms  of  maintenance  areas, 
primary  causes,  and  cost  magnitudes.  The  methodology  was 
developed  and  is  outlined  in  Appendix  A.  However,  because 
of  uncontrollable  factors,  which  are  discussed  in  this 
chapter,  the  standard  methodology  had  to  be  modified. 

Problems  Encountered 

The  standard  methodology  for  identifying  and 
classifying  rework,  as  shown  in  Appendix  A,  could  not  be 
followed  as  planned.  The  major  uncontrollable  factors 
which  necessitated  deviation  from  the  research  plan  were: 
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. Variations  in  the  completeness  of  depot  main- 
tenance  records  received  from  Ogden  A LG. 

2.  Diverse  documentation  procedures  used  07  depot 
personnel  in  maintaining  aircraft  depot  level  maintenance 
records . 

3.  Time  constraint  in  terms  of  obtaining  additional 
data  versus  time  available  for  completion  of  the  research 
effort. 

In  an  attempt  to  clarify  why  the  planned  methodology, 
outlined  in  Appendix  A could  not  be  followed,  the  ’uncontrol- 
lable factors  are  discussed  in  the  next  three  sections. 


Status  of  Sample  Aircraft  Depot  Maintenance  Records 

For  each  sample  aircraft,  the  following  documents 


were  complete: 

1.  C-O37D901-31:  Completed  Serial  Number  Operations 


History, 

2.  G037D931L:  Unpredictable  Operations  (that 

addressed  the  unscheduled  work  requirements  of  the  Pro- 
duction, Radar,  ATS,  and  Flight  Test  maintenance  areas), 

3.  Form  335=  Functional  Check  Flight  Discrepancy 

Records , 

h.  Monthly  Cannibalization  Reports. 

The  following  documents  for  each  sample  aircraft 
were  either  missing  or  incomplete: 

1 . G037U604— SI : Selected  Operations , 

2.  G037D604-S2:  Selected  Operations  for  Special 


Major  Jobs , 


"’S 


3.  GC37^93/1L:  Unpredictable  Operations  (which 

addressed  the  unscheduled  work  requirements  of  the  Incoming, 
Paint , and  3ackshops  maintenance  areas), 

4.  G037D94/1-S'1 : Selected  Detail  Descriptions. 

In  analyzing  the  status  of  sample  depot  maintenance 
records,  the  degree  of  completeness  was  defined  as  follows: 

1.  Complete:  all  pages  of  the  report  were  received, 


^complete:  some  pages  of  the  report  were  not 


r^csivsd , 


3.  Missing:  the  report  was  not  received. 

Documentation  Status  of  Completed  Depot  Maintenance  Records 

With  the  exception  of  G037U901-S1 , there  was  little 
consistency  in  documentation  of  manhour  expenditure  data  for 
unscheduled  work  requirements.  The  following  examples  are 
illustrative  rather  than  exhaustive. 

1 . When  analyzing  cannibalization  line  entries  in 
G037D931L  reports,  the  researchers  discovered  that  manhour 
expenditure  data  were  frequently  omitted  from  these  line 
entries.  The  accuracy  of  the  data,  on  those  line  entries 
containing  manhour  expenditure  data,  were  questionable. 

That  is,  when  the  manhour  expenditure  data  documented  on 
G037U93'1L  were  checked  against  manhour  expenditure  data 
contained  in  the  Monthly  Cannibalization  Report,  there  were 
minor  variations  between  both  figures. 

2.  Variations  were  also  noted  in  documentation  of 
discrepancies  discovered  during  Evaluation  and  Inspection 
(E&I)  and  subsequently  corrected  by  depot  personnel.  In 
some  cases,  although  production  count  was  taken  :’or 
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correcting  ^he  discrepancy,  corrective  action  and  manhour 
expenditure  data  were  not  documented  on  the  specific 
00 3739 3" L line  entry. 

3.  Locumentation  of  manhour  expenditure  data  for 
correcting  discrepancies  discovered  after  E&I  were  infre- 
quent in  the  Production,  Radar,  and  ATS  maintenance  areas' 
003739313. 

4-.  Corrective  action  and  manhour  expenditure  data 
were  well  documented  on  Plight  Test  maintenance  area's 
0037393^3  and  Form  335. 

Time  Constraint 

The  problems  enumerated  above  were  not  evident  until 
an  attempt  was  made  to  extract  the  required  data  from  the 
sample  aircraft  depot  maintenance  records.  Furthermore , 
the  complex  task  of  attempting  to  obtain  omitted  data, 
especially  when  it  may  have  already  been  destroyed,  resulted 
in  modification  of  the  standard  methodology  for  identifying 
and  classifying  rework  as  outlined  in  Appendix  A.  The 
modification  was  necessary  so  this  research  could  be  com- 
pleted in  a timely  manner  but  it  had  no  effect  upon  the 
validity  of  the  results. 

Modified  Methodology 

In  view  of  incomplete  and  missing  depot  maintenance 
records,  documentation  inconsistencies,  and  a time  constraint, 
objective  assignment  of  rework  cost  to  the  responsible  main- 
tenance areas  was  not  possible.  However,  the  researchers 
were  able  to  identify  rework  cost  by  maintenance  areas  in 
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which,  it  was  discovered.  Thai  is,  rework  identified  in  a 
specific  maintenance  area  is  not  necessarily  caused  by 
that:  area. 

The  modified  methodology  for  identifying  and 
classifying  rework  cost  that  was  used  by  the  researchers 
follows : 


1.  From  the  incomplete  documents  which  were 
received,  the  researchers  reconstructed  master  X3726C4— 31 
X37D6C4-  S2 , and  X57D94',-3'''  reports  for  each  Model  Desig- 


nator Series  ’MD3)  7 


~C,  F- 


>E,  and  RF-4C).  The 


specific  methodology  utilized  to  reconstruct  each  master 
report  is  outlined  below: 

a.  All  X3r7D6C4-  S'1  documents  which  address 
selected  operations  on  F— bC  aircraft  were  consolidated. 

b.  The  X3726G4- 31  documents  were  then 
separated  into  the  following  categories: 

(1)  Selected  operations  for  PDM  work 

requirements, 

(2)  Selected  operations  for  modification 
work  requirements , 

(3)  Selected  operations  for  major  repair 


work  requirements, 

(4)  Selected  operations  for  ACT  work 

requirements . 

c.  From  each  category  the  most  complete 
X37D6C4-31  report  was  selected  and  all  others  were  dis- 
carded. The  steps  used  to  select  the  most  complete 
X 372604-31  follow: 


CD 


Dacia  G0373604--S1  report:  was  examined 
to  determine  which  document  had  the  least  number  of  pages 
missing. 

(2)  The  report  with  the  least  number  of 
missing  pages  was  selected. 

(5)  If  more  than  one  report  was  found 
in  Step  1 , selection  was  arbitrary. 

d.  When  these  steps  were  completed,  the 
researchers  had  reconstructed  a master  G037D6C4-- SI  report 
which  addressed  ail  categories  of  depot  level  maintenance 
on  the  F-4-C  aircraft. 

e.  Steps  a through  d were  repeated  in  the 
reconstruction  of  G037P6C4-- 52  and  GO 37^94-'! -31  reports. 

f.  Steps  a through  e were  repeated  in  the 
reconstruction  of  master  reports  for  the  F-4D,  F-42,  and 
RP-4C  aircraft. 

2.  The  standard  methodology  for  identifying  and 
classifying  rework  cost,  as  outlined  in  Appendix  A,  was 
then  used  after  the  following  changes  were  incorporated. 

a.  Rework  cost  in  the  Incoming,  3ackshops , and 
Paint  maintenance  areas  was  not  identified  because  those 
sections  of  G037P931L  which  addressed  the  unscheduled  work 
requirements  of  these  maintenance  areas  were  missing  from 
depot  maintenance  records. 

b.  Instead  of  analyzing  each  line  entry  of  the 
3037P931i  which  addressed  ’unscheduled  work  requirements 

in  the  Production,  Radar,  ATS,  and  Plight  Test  maintenance 
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areas  of  discrepancies  discovered  after  E<3cl , only  these 
line  entries  which  contained  manhour  expenditure  data  were 
analyzed. 

d.  Whenever  reference  was  made  to  G0372604--S1  , 
003726CA-32,  or  0037294-1 -S'!  reports  of  specific  aircraft, 
the  reconstructed  master  reports  were  used. 

e.  Rework  cost  was  identified  by  the  main- 
tenance areas  in  which  it  was  discovered  rather  than  by  the 
maintenance  areas  in  which  it  was  caused. 

f.  Cannibalization:  when  manhour  expenditure 

data  were  documented  on  the  G037293^L  line  entry,  these 
data  were  checked  against  the  manhour  expenditure  data 
documented  in  the  Monthly  Cannibalization  Report.  When 
variations  existed,  the  average  of  both  figures  was  used 
as  the  manhour  expenditure  data. 

Extraction  and  Analysis  of  Sample  Data 

The  standard  methodology,  as  modified,  for  identi- 
fying and  classifying  rework  was  then  used  to  extract 
rework  manhour  expenditure  data  from  the  sample  aircraft 
depot  maintenance  records-  A sample  of  these  data  are 
contained  in  Appendix  3.  The  contents  of  Appendix  3 include 
the  following  information  for  each  sample  aircraft: 

1.  Aircraft  MDS, 

2.  Aircraft  serial  number, 

3.  Unpredictable  operation  numbers  used  for 

rewo  rk , 

A.  Classification  categories  of  rework  causes, 
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. Manhour  expenditure  in  each  rework  category, 
o.  Areas  in  which  rework  was  discovered, 

7.  Number  of  additional  Functional  Check  Flights 
(FCF) — air  aborts  were  not  included  in  this  figure, 

3.  Number  of  air  aborts, 

9.  Number  of  ground  aborts. 

This  information  was  summarized  and  the  total  depo 
manhour  expenditure  for  each  sample  aircraft  was  included 
to  form  the  computer  data  input  depicted  in  Table  1. 

3y  using  the  logic  outlined  in  the  "Statistical 
Test"  section  of  Chapter  2,  a FORTRAN  computer  program  was 
developed  to  perform  the  required  calculations  necessary 
to  test  the  research  hypothesis.  As  the  computer  program 
read  the  input  data  file  and  performed  the  necessary  cal- 
culations, it  also  segregated  the  results  by  rework 
categories.  Thus,  the  results  of  the  computer  run  were 
also  used  to  satisfy  Objectives  1 and  2.  Appendix  C 
contains  a copy  of  the  computer  program  and  a copy  of  its 
output. 

Results  of  Analysis 

The  purpose  of  Objective  1 was  to  determine  the 
magnitude  of  rework  cost  for  the  F-4  aircraft  during  depot 
level  maintenance  at  Ogden  AhC.  For  the  30  sample  aircraf 
the  total  magnitude  of  rework  cost  was  $214,029.20. 

The  purpose  of  Objective  2 was  to  identify  the 
major  areas  of  rework,  their  primary  causes,  and  their 
cost  magnitudes.  As  previously  stated,  the  major 


Tab  1 1 


!• 


26 


maintenance  areas  in  which  rework  could  hare  occurred  were: 

1 . The  Incoming  maintenance  area, 

2.  The  Production  maintenance  area, 

3.  The  Backshops  maintenance  areas, 

h.  The  Radar  maintenance  area, 

5-  The  ATE  maintenance  area, 

6.  The  Flight  Test  maintenance  area, 

7.  The  Paint  maintenance  area. 

However,  because  of  the  factors  previously  discus- 
sed, rework  could  not  be  precisely  assigned  by  responsible 
maintenance  areas.  Instead,  rework  was  assigned  by  main- 
tenance areas  in  which  it  was  discovered.  However,  this 
does  not  effect  the  validity  of  the  results.  Analysis  of 
rework  manhour  expenditure  data  indicated  that  the  majority 
of  rework  was  discovered  in  the  Flight  Test  and  Production 
maintenance  areas.  There  were  two  primary  reasons  why  the 
majority  of  rework  was  discovered  in  these  areas. 

1.  Cannibalization  line  entries  in  G-037P93^h, 
when  combined  with  the  Monthly  Cannibalization  Report, 
contained  adequate  information  for  the  Production  main- 
tenance area. 

2.  The  first  time  that  all  aircraft  systems  are 
operationally  checked  together  is  in  the  Flight  Test 
maintenance  area. 

Therefore,  rework  was  only  assigned  to  these  maintenance 
areas . 
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test  was  performed.  The  computed  t value  was  h.57^  which 
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Table  2 

Rework  Cost  Magnitudes 


Rework  Category 

Cost  Magnitude 

Percent  of  Total 
Depot  Rework 

Faulty  Workmanship 

$49,853.20 

23.293 

Material  Failure 

$84,539.10 

39.499 

Cannibalization 

$10,245.40 

4.787 

Reflights 

$49,271.00 

23.021 

Other 

$20,120.40 

9.401 

Source:  Ogden  AJLC's  Depot  Maintenance  Records. 
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is  greater  than  the  critical  t value  of  "'.699.  Therefore, 
che  rework  percentage  of  4-.  24-3  was  statistically  significant. 
3ased  upon  the  results  of  the  Student  t test,  the  null 
hypothesis  (Hq)  was  rejected.  The  researchers  concluded 
the  data  supported  the  finding  that  rework  cost  was  greater 
than  two  percent  of  total  depot  level  maintenance  cost. 

The  statistical  technique  described  in  the 
"Statistical.  Test"  section  of  Chapter  2 was  then  used  to 
establish  a 95  percent  confidence  interval  for  predicting 
the  expected  mean  of  rework  cost.  The  results  indicated 
that  the  expected  mean  of  rework  cost  would  be  between 
3.240  percent  and  5.94-6  percent  of  total  depot  level  main- 
tenance cost. 

Finally,  the  Klomogorov-Smimov  test  was  performed 
to  determine  if  the  ratio  of  rework  cost  to  total  depot 
maintenance  cost  of  the  population  from  which  the  sample 
was  drawn  was  normally  distributed.  Use  of  the  Lilliefors 
Table,  in  conjunction  with  the  Klomogorov-Smimov  test, 
permitted  use  of  the  sample  mean  and  standard  deviation  in 
the  test  for  normality.  The  results  of  the  Klomogorov- 
Smimov  test  showed  that  the  data  were  normally  distributed 
with  a mean  of  4-. 24-31  percent  and  a variance  of  7.214-  per- 
cent. The  specific  calculations  are  outlined  in  Appendix 
D.  The  variance  of  7.214-  percent  does  not  mean  that  rework 
varied  from  -2.971  percent  to  11.4-57  percent  of  total  depot 
maintenance  cost.  This  test  only  indicated  the  data  used 
are  normally  distributed  with  the  specified  parameters. 
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These  results  concluded  one  findings  of  the  research  effort. 
Specific  conclusions  and  recommendations  are  addressed  in 
Chapter  4. 
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CONCLUSIONS  AND  RECOMMENDATIONS 

Introduction 

This  chapter  addresses  the  specific  conclusions 
and  recommendations  of  the  research  effort  in  relation  to 
the  research  hypothesis  and  stated  objectives.  The  three 
major  topics  include  specific  conclusions  for  the  research 
hypothesis  and  stated  objectives,  generalizations  of 
research  results,  and  recommendations  based  upon  research 
findings . 

CONCLUSIONS 

This  section  includes  the  specific  conclusions  for 
the  research  hypothesis  and  each  research  objective  as 
stated  in  Chapter  1. 


Research  Hypothesis 

The  major  emphasis  of  the  research  effort  was  to 
test  the  research  hypothesis  (H^ ) : Rework  cost  for  the 

F-4  aircraft  undergoing  depot  level  maintenance  at  Ogden 
ALC  is  greater  than  two  percent  of  total  depot  maintenance 
cost.  Research  results  indicated  that  rework  cost  for 
the  sample  aircraft  was  4.24-  percent  of  total  depot  main- 
tenance cost.  The  Student  t test  proved  that  this  figure 
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was  statistically  significant.  Therefore,  the  null 
hypothesis  (Hg)  was  rejected  and  the  researchers  concluded 
chat  rework  cost  for  the  sample  aircraft  was  greater  than 
two  percent  of  tonal  depot  maintenance  cost.  Furthermore, 
the  researchers  predict,  with  95  percent  confidence,  that 
if' conditions  in  Ogden  ALC ' s Aircraft  Division  do  not  change, 
the  expected  mean  of  rework  cost  will  range  from  3.24-  per- 
cent to  5.24-6  percent  of  total  depot  maintenance  cost. 

Objective  1 

In  order  to  satisfy  this  objective,  it  was  neces- 
sary to  determine  the  magnitude  of  rework  cost  for  the 
F-4-  aircraft  undergoing  depot  level  maintenance  at  Ogden 
ALC.  Research  results  indicated  that  the  magnitude  of 
rework  cost  was  $214-, 029. 20  ( 4-. 24-3  percent)  for  the  sample 
data.  Therefore,  the  researchers  concluded  that  Objective 
1 was  achieved. 

Objective  ! 

In  order  to  achieve  Objective  2,  it  was  necessary 
to  identify  the  major  areas  of  rework,  their  primary 
causes,  and  their  cost  magnitudes.  However,  because  of 
the  uncontrollable  factors  previously  discussed,  rework 
could  not  be  assigned  by  responsible  maintenance  areas. 
Recommendations  for  reducing  these  uncontrollable  factors 
are  discussed  in  the  final  section  of  this  chapter. 

Rework  was  assigned  to  the  maintenance  areas  in  which  it 
was  discovered.  Research  results  indicated  that  the 


v o 


33 


f rework  was  discovered  in  the  Production  and 
Plight;  Test  nain.tenan.ce  areas.  Procedures  for  assigning 
rework  to  the  responsible  maintenance  areas  are  discussed 
in  the  "Recommendations"  section  of  this  chapter.  The 
primary  causes  of  rework  were  classified  as:  faulty  work- 

manship, material  failure,  cannibalization,  ref lights,  and 
other.  Cost  magnitudes  by  primary  causes  were:  $1-9,353.20 

(25.29%),  $34,539.10  (39.50%),  $10,245.40  (4.79%), 

$49,271.0 0 (23.02%),  and  $20,120.40  (9.40%),  respectively. 
With  the  exception  of  assigning  rework  by  responsible 
maintenance  areas,  the  researchers  concluded  that  Objective 
2 was  achieved. 


Objective  5 

Satisfying  Objective  3 required  the  development  of 
a standard  methodology  for  identifying  and  classifying 
rework  in  terms  of  maintenance  areas,  primary  causes,  and 
cost  magnitudes.  A standard  methodology  was  developed  and 
although  it  required  modification  for  the  research  effort, 
the  modifications  were  not  necessitated  by  flaws  in  the 
methodology,  but  rather  by  the  uncontrollable  factors 
previously  identified.  Recommendations  for  reducing  these 
uncontrollable  factors  are  discussed  in  the  final  section 
of  this  chapter.  Since  flaws  in  the  standard  methodology 
developed  could  not  be  found,  the  researchers  concluded 
that  Objective  3 was  achieved. 
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Objective  4- 

The  fourth  objective  of  this  research  was  to 
stimulate  interest  in  conducting  similar  research  at  other 
ALCs  and  TRCs  with  major  emphasis  on  reducing  rework  cost. 

It  is  the  researcher's  opinion  that  the  ground  work  for 
achieving  this  objective  has  been  laid  through  rejection 
of  the  null  hypothesis  and  achievement  of  the  first  three 
objectives.  Through  achievement  of  the  first  objective, 
the  magnitude  of  rework  cost  was  determined  to  be  a signifi- 
cant portion  of  total  maintenance  cost.  This  could  serve 
as  a stimulus  to  the  Cgden  ALC  to  expand  on  this  research 
and  attempt  to  develop  and  implement  ways  to  reduce  or 
eliminate  the  causes  of  rework  identified  here.  Since 
rework  cost  was  found  to  be  significant  in  this  research, 
managers  of  other  ALCs  and  TRCs  may  suspect  their  rework 
costs  are  also  significant  and  be  motivated  to  conduct 
similar  research.  Through  achievement  of  the  second 
objective,  this  research  could  serve  as  a guide  for  the 
managers  of  other  ALCs  and  TRCs  to  follow  in  conducting 
similar  studies.  Since  the  major  areas  of  rework  and 
their  primary  causes  have  been  identified  by  this  research, 
this  should  save  others  performing  similar  studies  a great 
deal  of  time,  cost,  and  effort.  Through  achievement  of  the 
third  objective,  a standard  methodology,  for  use  throughout 
the  Air  Force,  for  identifying  and  classifying  rework  costs 
could  result.  Other  organizations  may  be  encouraged  to 
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perform  similar  research  once  the  existence  and  value  of  a 
standard  methodology  are  demonstrated. 

Although  this  research  involved  a specific  type  of 
aircraft  and  a specific  ALC  (Ogden),  the  researchers 
believe  enough  similarity  exists  between  the  maintenance 
techniques  used  at  this  ALC  and  other  maintenance  organi- 
zations throughout  the  Air  Force  to  make  the  results  of 
this  research  transferable. 

General izability  of  Research  Results 

The  "Limitations"  section  of  Chapter  2 outlines 
the  criteria  for  determining  the  generalizability  of  the 
research  results.  Interviews  with  key  management  personnel 
at  Ogden  ALC's  Aircraft  Division  (5;'!5;'16;2h)  revealed: 

1 . The  major  types  of  depot  level  work  and  the 
major  types  of  tools  and  equipment  do  not  change  appre- 
ciably between  fiscal  years. 

2.  A continuing  training  program  is  actively 
utilized  to  insure  that  mechanics  and  inspectors  maintain 
proficiency. 

Therefore,  the  researchers  concluded  that  the 
research  results  obtained  from  the  sample  aircraft  appear 
to  be  generalizable  to  all  U.  S.  Air  Force  F-h  aircraft 
receiving  depot  level  maintenance  at  Ogden  ALC. 

KECOMMEETDATIONS 

This  research  has  demonstrated  that  the  deviation 
from  the  two  percent  criterion  in  Ogden  ALC's  Aircraft 


Division,  is  statistically  significant.  These  findings 
justify  additional  research  to  identify  the  corrective 
actions  necessary  to  rectify  the  problems.  In  addition, 
the  Ogden  ALC  research  findings  justify  the  expenditure  of 
similar  research  efforts  at  other  ALCs  and  TRCs  with  the 
major  objective  of  reducing  rework  cost  within  AFLC. 

The  researchers  also  recommend  additional  follow-on 
research  be  conducted  at  Ogden  ALCs  Aircraft  Division 
using  a different  sample  to  attempt  to  replicate  the 
current  research  findings.  However,  to  reduce  the  uncontrol- 
lable factors  encountered  by  the  researchers,  the  following 
recommendations  are  offered: 

1 . Arrangements  should  be  made  with  Ogden  ALC 
to  standardize  documentation  procedures  of  manhour  expen- 
diture data  for  unscheduled  work  requirements  in  G037I193'1L 
and  Form  335  reports.  The  schedulers  would  be  the  focal 
point  in  such  an  effort  because  they  maintain  these  reports. 
Since  it  is  the  schedulers  responsibility  to  document 
production  count  on  completed  work  requirements  for  each 
operation,  they  must  have  access  to  manhour  expenditure 
data  for  each  operation  in  order  to  complete  their  task. 
Therefore,  schedulers  could  document  the  manhour  expenditure 
data  on  the  appropriate  line  entries  of  the  above  reports. 
This  additional  step  would  require  very  little  increased 
effort  on  the  part  of  schedulers  because  when  production 
count  is  taken,  they  mu3t  stamp  the  appropriate  line  entry. 
Schedulers  could  also  coordinate  with  aircraft  foremen  to 


minimize  the  occurrence  of  depot  personnel  correcting  dis- 
crepancies without  documenting  the  corrective  actions  in  the 
appropriate  reports.  Until  these  procedures  become  routine, 
top  management  could  establish  a screening  procedure  to 
verify  that  the  procedures  are  being  complied  with  on  each 
aircraft. 

2.  When  a request  for  sample  aircraft  depot  main- 
tenance records  is  made  to  Ogden  ALC,  the  specific  reports 
as  outlined  in  Appendix  A,  should  be  requested. 

3.  When  the  aircraft  depot  maintenance  records  are 
received  by  the  researchers,  an  inventory  should  be  per- 
formed as  soon  as  possible  to  verify  that  the  required 
reports  are  available  and  complete.  The  sooner  this 
verification  is  completed,  the  higher  the  probability  that 
the  missing  or  incomplete  documents  can  be  obtained  from 
Ogden  ALC.  If  any  of  the  required  reports  for  a sample 
aircraft  cannot  be  located,  that  sample  aircraft  depot 
maintenance  record  should  be  excluded  from  the  research 
sample • 

These  recommendations  do  not  guarantee  that 
additional  uncontrollable  factors  will  not  surface  during 
any  research  effort.  However,  by  minimizing  the  uncontrol- 
lable factors  which  were  encountered  during  this  research, 
the  probability  of  success  for  follow-on  research  should 
increase. 


Chapter  5 


SUMMAHT 

This  chapter  summarizes  the  major  events  of  the 
research  effort.  The  material  is  presented  in  chronolo- 
gical sequence  from  research  conception  to  research  culmi- 
nation. 

In  Ma 7 1975,  Mr.  J.  Turk,  Office  of  the  Secretary 
of  Defense,  expressed  a desire  to  estimate  the  magnitude  of 
rework  cost  within  APLC  to  determine  if  it  was  of  sufficient 
magnitude  to  warrant  special  attention  in  all  services. 

With  Mr.  J.  Turk's  statement  as  a basis,  Ogden  ALC ' s Air- 
craft Division  was  selected  as  a test  area  for  this  research 
effort.  Ogden  ALC  was  selected  because  it  is  the  prime  TRC 
for  the  P-4  aircraft  and  there  was  evidence  to  suggest  that 
rework  cost  for  P— 4s  undergoing  depot  level  maintenance  at 
Ogden  ALC  was  greater  than  two  percent  of  total  depot  main- 
tenance cost.  Therefore,  the  research  was  designed  to  test 
the  research  hypothesis  that  rework  cost  for  P-4  aircraft 
undergoing  depot  level  maintenance  at  Ogden  ALC  was  greater 
than  two  percent  of  total  depot  maintenance  cost.  The 
primary  objectives  were: 


1.  Determine  the  magnitude  of  rework  cost  for  the 
P-4  aircraft  during  depot  level  maintenance  at  Ogden  ALC. 
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2.  Identify  the  major  areas  of  rework,  their 
primary  causes,  and  their  cost  magnitudes. 

3.  Stimulate  interest  for  conducting  similar 
research  at  other  ALCs  and  TRCs  with  the  major  emphasis 
on  reducing  rework  cost. 

It  was  determined  the  research  results  would  have 
to  he  restricted  to  the  sample  aircraft  if  the  following 
assumptions  could  not  be  verified: 

1.  The  major  types  of  depot  level  work  and  the 
major  types  of  tools  and  equipment  do  not  appreciably 
change  over  time. 

2.  A continuing  training  program  is  used  to 
insure  that  mechanics  and  inspectors  maintain  proficiency. 

Arrangements  were  made  with  Ogden  ALC ' s Aircraft 
Division  so  acquire  inactive  aircraft  depot  maintenance 
records.  From  the  aircraft  depot  maintenance  records 
received,  30  records  were  selected  as  a data  base  for  the 
research.  A standard  methodology  was  then  developed  for 
extracting  the  necessary  data  from  the  sample  records.  A 
computer  program,  written  in  FORTRAN  17,  was  developed  to 
perform  the  necessary  calculations.  The  major  statistical 
technique  used  in  the  computer  program  was  the  Student  t 
test. 

Results  of  the  computer  program  were  then  used  to 


! 
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accept  the  research  hypothesis  and.  to  achieve  Objectives 
1 and  2.  Based  upon  information  received  from  key 
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management  personnel  at  Ogden  ALC,  the  findings  were 
generalized  to  rhe  population  from  which  she  sample  was 
drawn. 

3ased  upon  the  research  results,  recommendations 
were  made  to  conduct  similar  research  at  other  ALCs  and 
THCs.  .Finally  specific  recommendations  were  made  for 
reducing  the  ’uncontrollable  factors  which  were  encountered 
in  this  research.  It  was  emphasized  that  implementation 
of  these  specific  recommendations  should  increase  the 
probability  of  success  for  follow-on  research  at  Ogden  ALC. 
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APPENDIX  A 

METHODOLOGY  POP  IDENTIFYING  AND  CLASSIFYING  REWORK 

The  initial  step  of  identifying  and  classifying 
rework  cost  is  gaining  access  to  the  following  records  and 
reports  for  each  aircraft  of  interest. 

1.  G037D604-S1:  Selected  Operations, 

2.  G037D6C4-32 : Selected  Operations  for  Special 

Major  Jobs, 

3.  G037S901-3'1  : Completed  Serial  Number  Opera- 

tions History, 

4.  G037D93H:  Upredictable  Operations, 

5.  G037D941-S/1 : Selected  Detail  Descriptions, 

6.  Ogden  ALC  Form  335:  Functional  Check  Plight 

Discrepancy  Records , 

7.  Ogden  ALC  Monthly  Cannibalization  Reports. 

To  assist  the  reader  in  acquiring  the  working  know- 
ledge necessary  for  understanding  how  rework  cost  is 
identified  and  classified,  each  record  and  report  will  be 
briefly  discussed. 


GQ37D60h-S"i  : Selected  Operations 

This  report  contains  the  scheduled  work  requirements 
that  should  be  accomplished  on  the  aircraft.  In  addition, 
it  includes  "trigger-fix"  requirements.  Each  line  entry, 
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numerically  arranged  by  ope  radon  number, 


.owing  information: 


Operation  number, 


General  bask  description, 


mtains  tne  lol- 


3.  Tyoe  of  skill  reouired  for  the  task, 

4-.  Maintenance  area  responsible  for  task  accom- 


pj-isnment , 

3.  Standard  task  time, 

6.  Production  count  date. 

GO 372604— 31  is  maintained  by  aircraft  schedulers  in 
each  major  maintenance  area  (Incoming,  Production,  Radar, 
Automatic  lest  Equipment  (ATE),  Plight  lest,  and  Paint) 
through  which  the  aircraft  are  processed. 

G03726C4— 32:  Selected  Cremations  for  Special  Major  Jobs 

G0372604— 32  contains  the  scheduled  work  requirements 
which  should  be  performed  on  an  aircraft  because  of  major 
modifications.  It  can  also  include  the  scheduled  work 
requirements  on  parts  and  equipment  which  are  routed  to 
Backshops  for  bench  work.  Each  line  entry  of  the  report 
contains  information  identical  to  that  in  GO 372604—  SI . 
^Depending  upon  the  maintenance  area  responsible  for  perfor- 
ming the  specific  work  requirements  addressed  in  the  report, 
GO 372604—  S2  can  be  maintained  by  either  the  shop  schedulers 
or  aircraft  schedulers. 

G0372901-31:  Completed  Serial  Number  Operations  Histo: 


This  report  contains  the  daily  expenditure  of 


standard  manhours  for  both  scheduled  and  'unscheduled 


.ainoenance.  Tne  las'  page  of  tl 
standard  manhours  expended  on  the  aircraft. 

Q037D93^D:  Unpredictable  Operations 

G03?293^Ij  contains  unscheduled  work  reouirements  for 
which  no  "trigger-fix"  documents  exist.  Sach  line  entry 
contains  the  following  information: 

1.  Operation  number, 

2.  Discrepancy, 

3.  Corrective  action, 

4.  Standard  manhours  expended, 

5.  When  discrepancy  discovered, 

6.  Production  count  date. 

A block  of  ’unpredictable  operation  numbers  is 
assigned  to  each  maintenance  area  through  which  aircraft, 
parts,  or  equipment  are  processed.  The  report  is  maintained 
by  aircraft  schedulers  in  each  maintenance  area. 

G037D941-S1 : Selected  Detail  Description 

This  report  is  numerically  arranged  by  operation 
number.  Por  each  operation  number  step-by-step  procedures 
are  listed  for  task  accomplishment.  These  procedures  are 
extracted  from  pertinent  maintenance  manuals.  This  report 
is  used  by  line  mechanics. 

Ogden  ALC  Pom  333:  Functional  Check  Flight 

Discrepancy  Record 

Form  335  is  used  to  record  discrepancies  and 


corrective  actions  on  aircraft  released  to  the  functional 
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check  flight  crew.  The  records  contain  the  following 
general  information: 

1.  Discrepancy, 

2.  Corrective  action, 

3.  Standard  manhours  expended, 

4- .  Number  of  flights, 

5-  Number  of  air  aborts, 

6.  Number  of  ground  aborts, 

7.  When  discovered  date, 

8.  Production  count  date. 

This  record  is  maintained  by  the  Plight  Test  area's 
aircraft  schedulers. 

Ogden  ADC  Monthly  Cannibalization  Report 

This  report  summarizes  all  aircraft  related  canni- 
balization actions  which  occurred  during  the  month.  Zach 
line  entry  contains  the  following  information: 

1.  Date  of  cannibalization, 

2.  Item  stock  number, 

3.  Item  nomenclature, 

h.  Total  monthly  cannibalization  for  each  item, 

5-  Manhours  expended. 

The  cannibalization  report  is  maintained  by  the 
Scheduling  and  Inventory  Branch. 

Procedure  for  Identifying  Rework  Cost 

'When  these  records  and  reports  are  available,  the 
researcher  should  study  their  contents  thoroughly.  After 
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the  researcher  becomes  familiar  with  this  information,  ne 
can  use  the  following  steps  to  identify  rework  cost.  'These 
steps  must  be  used  for  each  aircraft  of  interest. 

1.  Select  GC37D93^D  dor  the  specific  aircraft  of 
interest. 

2.  Select  the  section  of  GC37E931L  which  addresses 
the  unscheduled  work  requirements  of  the  Incoming  maintenance 
area.  There  will  be  a section  of  G037D93'1E  for  each  main- 
tenance area  through  which  aircraft  are  processed.  Each 
line  entry  should  address  one  of  the  following  categories 

of  unscheduled  maintenance: 

a.  Cannibalization — This  entry  will  specify: 
item  part  number,  item  nomenclature,  and  cannibalization 
date.  The  manhours  expended  for  the  cannibalization  action 
may  also  be  included. 

b.  Discrepancy  discovered  during  incoming 
evaluation  and  inspection  (E&I) — Discrepancies  will  be 
specified  by  an  individual  line  entry  indicating  discovery 
during  E&I.  Manhours  expended  to  correct  the  discrepancy 
should  also  be  documented  on  the  line  entry.  This  category 
of  unscheduled  maintenance  should  not  be  used  in  rework 
calculations  unless  the  discrepancy  is  corrected  and  sub- 
sequently cause  rework. 

3.  Each  line  entry  of  the  Incoming  maintenance 
area’s  G037D93'1D  must  be  analyzed  to  determine  the  category 
of  unscheduled  maintenance  addressed.  The  category  will 
determine  which  of  the  following  substeps  the  researcher 
should  use: 
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a.  Cannibalization — Manhours  expended  for 
cannibalization  action  can  be  extracted  from  the  line 
entry  if  they  have  been  documented.  If  they  are  not  docu- 
mented, Ogden  AJLC  Monthly  Cannibalization  Report  must  be 
used  to  obtain  the  information.  Since  the  date  of  canni- 
balization and  the  item  nomenclature  are  known,  the  manhours 
expended  can  be  obtained  by  finding  the  item  nomenclature  in 
the  specific  Monthly  Cannibalization  Report.  The  manhours 
expended  will  be  documented  on  the  line  entry  of  the  Monthly 
Cannibalization  Report  containing  the  item  nomenclature. 

b.  Discrepancy  discovered  during  E&I — The  line 
entry  can  be  disregarded. 

c.  Discrepancy  discovered  after  E&I — The 
Incoming  maintenance  area's  G037F604-S1  and  G037D94-1  -S'!  must 
be  used  to  determine  if  the  discrepancy  can  be  identified  as 
rework.  For  the  researcher  to  identify  a discrepancy  as 
rework,  he  must  determine  if  the  discrepant  item  was  dis- 
turbed  during  depot  level  maintenance.  If  the  item  was 
disturbed,  the  discrepancy  should  be  identified  as  rework. 
Determination  can  be  made  by  complying  with  the  following 
steps: 

(1)  Examine  each  line  entry  of  GG37D604-S1 
until  an  entry  is  found  in  which  the  task  could  have  caused 
the  discrepant  item  to  be  disturbed  or  until  all  entries 
have  been  exhausted. 


Any  maintenance  action  which  would  cause  an  item 
to  malfunction. 


V 


W 


(2)  If  a line  entry  of  G037D604-S1 


addresses  a cask  which  could  have  caused  the  discrepant: 
item  to  be  disturbed  and  production  count  has  been  taken 
for  the  cask,  extract  the  operation  number  from  the  entry 
and  obtain  GO 37394-1 -SI . 

(3)  Since  GO 373941 -SI  is  arranged  numeri- 
cally by  operation  number,  the  pages  addressing  a specific 
operation  number  can  easily  be  located.  Locate  the 
operation  number  of  interest  and  read  all  pages  it  addresses. 
Since  ail  steps  and  procedures  necessary  for  the  specific 
task  accomplishment  are  listed,  the  researcher  can  deter- 
mine if  the  discrepant  item  was  disturbed.  If  the  item 

was  disturbed,  the  manhours  expended  to  correct  the 
discrepancy  can  be  extracted  from  the  specific  line  entry 
of  G037D931L  on  which  the  discrepancy  is  documented.  If 
the  manhours  expended  have  not  been  documented,  the  infor- 
mation can  be  obtained  from  Ogden  ALC  Engineering  and 
Planning  3ranch. 

(4)  If  all  the  entries  of  00373604-51  are 
exhausted  without  finding  a task  which  could  have  caused 
the  discrepant  item  to  be  disturbed,  then  each  line  entry 

of  G0373931L  which  addresses  discrepancies  discovered  during 
E&I  must  be  examined  to  determine  if  correcting  any  of  these 
discrepancies  could  have  caused  the  discrepant  to  be  dis- 
turbed. If  an  E&I  discrepancy  was  corrected  and  subsequently 
malfunctioned , correcting  the  malfunction  should  be  identi- 
fied as  rework.  To  determine  the  manhours  expended  to 
correct  the  discrepancy,  use  Step  3c ( 3 ) - 


I. 


If  all  che  9n 


(5) 
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tries  of  X3726C--31  and 


GO 3729 51 L (discrepancies  discovered  during  z&I)  are  examined 
without  finding  a task  which  could  have  caused  the  discrepant 
item  to  he  disturbed,  then  each  preceding  line  entry  of 
GO 5729 31 L addressing  discrepancies  discovered  after  E& I must 
be  examined  determining  if  the  discrepant  item  was  disturbed 
while  these  discrepancies  were  being  corrected.  If  a dis- 
crepancy discovered  after  E&I  was  corrected  and  subsequently 
malfunctioned,  correcting  the  malfunction  should  be  identi- 
fied as  rework.  Manhour  expenditure  can  be  determined  by 
using  Step  3c(3). 


d.  Repeat  Step  3 for  each  line  entry  of 
GO  3729  31 L.  When  all  entries  are  exhausted,  the  researcher 
should  know  the  total  manhours  expended  on  rework  in  the 
Incoming  maintenance  area. 

4-.  Select  the  section  of  X37293/1L  addressing  the 
unscheduled  work  requirements  of  the  Backshops.  Each  line 
entry  must  be  examined  to  determine  which  category  of 
unscheduled  maintenance  is  involved  so  that  rework  can  be 
identified.  Identification  of  rework  can  be  accomplished 
by  following  Step  3 for  each  line  entry  of  the  Backshop's 
G0372931L.  However,  GO 372604— SI  must  be  used  instead  of 
GO 372604—  S2.  That  is,  wherever  GO 372604— SI  appears  in 
Step  3,  replace  it  with  G0372604— 32.  In  addition,  a 
determination  must  be  made  that  none  of  the  work  in  the 
3ackshops  is  rework  caused  by  other  maintenance  areas  before 
the  parts  or  equipment  were  routed  to  the  Backshops.  This 
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determination  can  be  made  by  checking  each  line  entry  oi  the 


Backshop's  G037G93'1L  against  the  other  maintenance  areas1 
work  documents  by  using  Step  3c(1)  through  3c(5).  When  all 
entries  of  the  Backshop's  GC37S93',L  are  exhausted,  the 
researcher  will  have  the  total  manhours  expended  on  rework 
in  .the  Incoming  maintenance  area  and  in  the  3ackshops. 

5.  Select  the  section  of  G037d>93'1L  addressing  the 
unscheduled  work  requirements  of  the  Production  maintenance 
area.  To  identify  rework  in  this  maintenance  area,  follow 
Step  3 for  each  line  entry.  In  addition,  the  researcher 
must  also  perform  Steps  3c(1)  through  3c(3)  using 
GO3706C4--S2  instead  of  G037060d-S1  to  determine  if  a dis- 
crepant item  was  disturbed  during  a major  job.  To  identify 
rework  discovered  in  the  Production  maintenance  area  which 
originated  in  other  maintenance  areas,  each  line  entry  of 
Production  maintenance  area's  G037D93^  must  be  checked 
against  the  work  documents  of  other  maintenance  areas  using 
Steps  3c(1)  through  3c(5).  When  all  entries  of  Production 
maintenance  area's  G037f)93^L  are  exhausted,  the  researcher 
will  know  the  total  manhours  expended  on  rework  in  the 
Incoming,  Backshops , and  Production  maintenance  areas. 

6.  Select  the  section  of  G037D93^L  which  pertains 
to  Radar  maintenance  area's  unscheduled  work  requirements 
and  perform  Step  3.  To  identify  rework  discovered  in  the 
Radar  maintenance  area  which  was  caused  by  other  maintenance 
areas,  each  line  entry  of  Radar  maintenance  area's 
G037B93'IL  must  be  checked  against  the  work  documents  of 

1 
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ocher  mainrenance  areas  using  Steps  5c(1)  chrough  3c(5)« 

Ac  chis  point , the  researcher  will  have  the  amount  of  man- 
hours expended  on  rework  in  Incoming,  Backshops,  Production, 
and  Radar  maintenance  areas. 

7.  Select  the  section  of  G037D931L  addressing  the 
unscheduled  work  requirements  of  the  ATE  maintenance  area 
-and  accomplish  Step  3-  Identify  rework  discovered  in  ATE 
which  originated  in  other  maintenance  areas  by  checking  each 
line  entry  of  ATE's  G037D931L  against  the  work  documents  of 
other  maintenance  areas  using  Steps  3c(1)  through  3c(5). 

The  researcher  will  then  know  the  total  manhours  expended 
on  rework  in  Incoming,  Backshops,  Production,  Radar , and  ATE 
maintenance  areas. 

8.  a.  Select  the  section  of  G037H931L  addressing 
the  unscheduled  work  requirements  for  the  Plight  Test  main- 
tenance area  and  accomplish  Step  3. 

b.  Select  Ogden  A1C  Form  335  for  the  specific 
aircraft  of  interest  and  check  each  entry  against  the  work 
requirements  of  each  maintenance  area  using  Step  3*  if  the 
researcher  is  thoroughly  familiar  with  the  work  requirements 
of  each  maintenance  area,  the  time  required  to  accomplish 
this  step  can  be  reduced  significantly.  In  reading  the 
discrepancy  and  corrective  action,  entered  on  Form  335,  the 
researcher  should  be  able  to  determine  which  maintenance 
area  caused  the  discrepancy.  Therefore,  he  can  examine  the 
work  documents  of  the  specific  maintenance  area  instead  of 
examining  the  work  documents  of  all  maintenance  areas. 
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9.  Select  the  section  of  G037I93'”!!/  addressing  the 
unscheduled  work  requirements  of  the  Paint  area  and  accom- 
plish Step  3.  Identify  rework  discovered  in  the  Paint  area 
which  originated  in  other  maintenance  areas  by  checking 
each  line  entry  of  the  Paint  area's  003729311/  against  the 
work  documents  of  other  maintenance  areas  using  Step  3c(1) 
through  3c(5).  ’//hen  this  task  is  completed,  the  researcher 
will  know  the  manhours  expended  on  rework  in  each  major 
maintenance  area. 

10.  Select  GO  372901 -SI  for  the  specific  aircraft 
of  interest  and  from  the  last  page  of  the  report  extract 
the  total  manhours  expended  on  the  aircraft. 

11.  To  convert  manhour  data  to  cost  data,  multiply 
the  manhour  data  by  Ogden  ALC  sales  rate  for  the  specific 
fiscal  quarter  in  which  the  aircraft  was  processed  through 
the  depot.  The  sales  rate  can  be  obtained  by  contacting 
Ogden  ABC's  Engineering  and  Planning  Branch. 

Procedure  for  Classifying  Rework 

As  rework  is  identified,  it  should  be  classified 
immediately.  If  it  is  not,  the  researcher's  task  will 
increase  tremendously.  The  researcher  must  use  some  degree 
of  subjectivity  in  classifying  rework  into  specific  cate- 
gories. The  following  categories  and  criteria  are  illus- 
trative of  five  rework  categories  which  can  be  used  and  the 
criteria  for  assigning  rework  to  each  category. 

1 . Cannibalization — This  category  is  self  expla- 


natory. 
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2.  Material  Failure — Some  subjectivity  nay  have  to 
be  used  in  assigning  rework  to  this  category.  Generally 
when  the  researcher  reads  a discrepancy  and  its  corrective 
action,  he  can  determine  if  the  discrepancy  was  caused  by 
material  failure.  This  determination  can  be  made  by  ana- 
lysing the  corrective  action  taken  to  correct  the 
discrepancy.  Discrepancies  requiring  corrective  actions 
such  as  removed  and  replaced,  or  removed,  repaired,  and 
reinstalled  would  fit  this  category. 

3.  Faulty  Workmanship — Determining  if  rework  should 
be  assigned  to  this  category  will  probably  require  the  most 
subjectivity.  After  the  researcher  is  familiar  with  the 
work  requirements  of  each  maintenance  area,  he  can  generally 
determine  if’  the  rework  discrepancy  was  caused  by  faulty 
workmanship.  Discrepancies  requiring  corrective  actions 
such  as  adjusted,  readjusted,  tightened,  retightened, 
torqued,  retorqued,  rigged,  rerigged,  cleaned,  etc.  should 
be  classified  in  this  category. 

4.  Refiy — This  category  should  be  reserved  for  air- 
craft which  must  be  reflown  because  of  discrepancies  dis- 
covered after  the  aircraft  had  been  released  to  the  functional 
check  flight  crew  and  the  discrepancy  cannot  be  traced 
specifically  to  one  of  the  above  mentioned  categories  of 
rework.  These  types  of  discrepancies  will  cause: 

a.  Ground  aborts, 

b.  Air  aborts, 

c.  More  than  one  functional  check  flight. 
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5.  Other — At  times  it  may  not  he  possible  to  assign 
rework  into  any  of  ohe  mentioned  categories  because  of 
impracticabilities  such  as: 

a.  Rework  caused  by  a combination  of  canniba- 
lization, material  failure,  and  faulty  workmanship, 

b.  Items  were  removed  to  facilitate  other 
maintenance  and  this  maintenance  cannot  be  traced  directly 
to  either  cannibalization,  material  failure,  or  faulty 
workmanship , 

c.  Inflight  discrepancies  which  cannot  be 
duplicated  on  the  ground  by  maintenance  personnel. 

Rework  discrepancies  of  these  types  should  be  clas- 
sified into  this  category. 

By  following  this  methodology,  rework  can  be 
identified  and  classified  in  terms  of  responsible  maintenance 
areas,  primary  causes,  and  cost  magnitudes. 
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n 


COMPUTER  PROGRAM  ART)  OUTPUT  DATA 


I HTbJtiR  SAC30) , 5N< 50) 

3- 1ARACTE.7  MA*3(  5J) 

• alM=:J5I-)N  P«<50)  ,7.«(50)  .PCC5  0)  ,70(30)  .RFC50)  ,TH(30> , 7T(b0>  ,7p<30) 
231  JlMtNSIlN  RT“<5,3> 

.’3b"  N=l  9 .501 
.’3o  J=  I 00.  0 

'40  2 ALL  ATTACHC  I I , "76 A69/UHRRY  s " , I , 0 , . ) 

030  00  10  1=1.  .30 

’60  REACH  11,1  30,  END=  200) LN , S A ( I ) . 4 AC  I ) , SH  ( I ) . 7WC  I ) . OMC  I ) . 7 C(  I ) , 
OOIAROC D.RFCI  ) ,THC  t) 

070  PTC  I )=(.7w(  I)+RM(  I ) +RCC  I )+70(  [ )+7F<  I ) )*C 
•7b  7TMC I ) =7T( I)/C 
.'30  7P  ( I ) = ( PTC  I ) / ( TW  C I ) *C  ) ) *D 
"VC1  SRW=SRW+(7  •((  I ) )*c 
i .JO  5Rm=37M+C7,»(  I ) )C 
I | c 30c=5Rr+(°C(  I ) )*C 
1 ?0  370=370+ ( ROC [ ) )+C 
1 3"  S7F=3RF+< RFC  I ) ) + C 
14  0 5RT=SRT+'1T<  I ) 

I 30  SRP=5PP+° o ( [ ) 

I .0  3TH=STi:+(T-((  T ) ) +C 
I/O  I 0 CONTINUE 
130  70P= ( SRN/S7T) *0 
190  7‘<r>=(SP!'/SRT)*D 
i O 7 CP=  ( S RC/S7T  ) *0 
31.)  70P=(  3R0/S.RT)  *0 
220  RFP= (5RF/SRT) +D 
330  X7P=SRP/30. o 
?4fi  )0  70  [ = 1,30 

3-jO  VR  P=  VRP+AtJS  ( (RPC  I ) - XRP  ) ) **7.  .0 

3 o,<  2.1  CONTINUE 

370  50=jQRT ( V7  7/29 . 0 ) 

2b  .1  TS=(  XR  P-2 .«))/( SO/SQPTC  30  . A)) 

2 VO  VO=XRP-< 2,045*SD/SORT( 30. 0>) 

3m  7 I =XRP+(2. 045*SQ/SQRT(  30.3)) 

310  I 30  FOPMATC V) 

31  I PRINT  40, 

317  10  FORM AT ( //! 7X, " +****MAN40UR  EXPHND  ITURE  OA TA *★+★*". //) 

313  PRINT  45, 

314  45  l-ORNATC  4X, " ACFT"  , 46X  , "TOTAL"  ) 

313  POINT  30. 

316  50  F0|J MAK4X . "SEP  I AL " , 2X , "WFCMN ",  3X  , AT"  ,74X , "TOTAL"  . 3X , 

31  79."EXP£NDED".2X,  "P5RCNT") 

313  PRINT  55, 

319  55  F07MATC4X,  "N(JM3ER"  , ?X  . "SW  5 °"  , 3X,  "FML"  , 3X ,“  CANN"  . 2X , "OTuHR'' , 
370*3 X, "REFLY"  . 2X,  "REWORK"  ,2X,  "“A.NMOUP" , 3X,  "RE .<07f"  ) 

325  JO  30  1=1.30 

330  PRINT  60.SAC  I ) ,SN(  D ,.RW(  I ) ,RM(  I)  ,OCC  I)  .ROC  I)  .RFC  I ) .R~’'(  I)  . 

331 5TM( I ) .RP(  I) 

.34  :•  50  FOR.'.'ATC/I  X, 1 2, 1 X, I6.3X.F5 . 1 , 3X ,F5. 1 . 3X. F4 . 1 . 2X . 

34I3.F5. 1 .2X.F5.  I .2X.F5. 1 .3X.F7.  I .3X.F6.3,//) 

377  30  CONTINUE 
330  PRINT  65.3RN.PWP 

39C1  65  FORMAT < /"TOTAL  FAULTY  IORKMANSHIP  COST:  S"  , F9 . 1 , 5X . 

1W0A "PERCENT  OF  REWORK!" ,F7.3,//) 
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410  PR  I -JT  70.SRW.RMP 

420  /<  1 FORMAT  ( "TOT  AL  MATERIAL  FAILURE  COST:  S",F'9.I.8X. 

42  K“PERCENT  f)F  REWORK « " ,F 7 . 2,  // ) 

430  PRINT  75, SRC. SOP 

440  75  rORMAK  "TOTAL  CANNIBALIZATION  OUST:  S",F9.l.oA. 

44IA»PERCENT  OF  REWORK  »" ,F  7 . 3, // ) 

450  PRINT  80, SRO  , ROP 

400  80  FORMAT ( "TQTAL  OTHER  COST:  S " , F9 . 1 . 5 .< . 

40 1 A" PERCENT  OF  REWORK «" ,F /. 7 ,// ) 

470  PRINT  I50.SMF.RFP 

4b 0 1 00  FORMAT! "TOTAL  RErLY  COST:  $ " , F9 . 1 , >X . 

4b  I A "PERCENT  OF  REWORK :".F7. 3,//) 

490  PRINT  35.SRT.XRP 

500  85  FORMAT ( "TOTAL  REWORK  COST:  $",F9.I.5X. 

501  A "PER  CENT  REWORK: ",  FI  0. 3. //) 

510  PRINT  90, STH 

520  90  FORMAT ( "TOTAL  MAINTENANCE  COST:  $",F9.I.//) 

82o  IFXTS.LT. I .699)00  TO  300 
530  PRINT  95. TS 

54.)  55  EORMATCTHc  SAMPLE  T STATISTIC: ",  F9 .3. 2X , 

54  I A " I S GREATER  THAN  T CRITICAL  OF  1.699",//) 

570  300  CONTINUE 
560  PRINT  110. VO. VI 

o90  110  FORMAT ( "USING  95%  CONFIDENCE.  THE  PERCENTAGE  OF  RENO  I \ ", 

59  I ’."SHOULD  HE:"  . F5 .3,"-"  .F5 .7,  //) 

ol 0 STOP  . 

520  200  PR  I NT. "EOF"  ] 

630  STOP 
04.)  END 

rp.u  v 

*RU‘ 


*****manhour  expenditure  DATA  ***** 


A GET 
5cR 1 AL 
hUMhER 

UK  MN 
SH I P 

MAT 

FAIL 

CANN 

OTHER 

REFLY 

TOTAL 

REWORK 

T >T\L 
EXPENDED 
m 4.<  HOUR 

PER  CM T 
REWORK 

04.1928 

36.9 

283.6 

34.6 

27.0 

146.3 

528.4 

’99  / . '■» 

5 .Poo 

85  '660 

79.1 

153.4 

35.9 

22.0 

66. 5 

361  .9 

9 3.72 . 0 

3.3  78 

550710 

52.1 

1 75.3 

9.0 

4.6 

66.5 

261.0 

4 /65. 0 

5 .4  85 

66  7 405 

14  1.2 

235.4 

0. 

46  .9 

159.6 

583.1 

5714.0 

10.2  05 

86745  3 

29. 2 

61.1 

17.9 

7.0 

53.2 

163.4 

921 9.0 

1 .327 

567529 

1 76.3 

163.2 

2.3 

171  .5 

119.7 

833.0 

5273,0 

1 2.  ■'9 A 

64  1 002 

33.-. 

74.6 

7.3 

9.0 

0. 

124.3 

754  2 .0 

1 .843 

62 


s 

6 -j49.il 

o 

*c 

T 

264.2 

15.9 

77.9 

1 06.  4 

64  0 .d 

orr  ■!  .0 

8.  1 89 

9 

:>6  09  lb 

66.9 

95.2 

3. 

24.  1 

66 .6 

243.  7 

644  | . 0 

4 . ..6  1 

1 0 

060944 

61.6 

42.2 

21.8 

1 

.3. 

1 3b  .5 

66  3 0..' 

2.43  7 

1 1 

060 304 

147.9 

171.4 

28.6 

63.  7 

146.3 

667.8 

9663.0 

b . / 79 

1 2 

663320 

1 38.3 

367.1 

3. 

23.6 

239.4 

738.4 

1 0 340.0 

/.  141 

1 3 

263334 

26.  1 

46.2 

3.5 

6. 6 

3. 

79. 3 

8935.0 

0.3ep 

1 4 

663345 

31.3 

158.2 

15.8 

50.5 

3.9 . 9 

295  .4 

1 0668 . 0 

2.796 

lb 

6633  bb 

291.7 

145.6 

53 . 1 

35. 7 

9 3.1 

606.2 

1 H 75.0 

5.5  74 

1 6 

660356 

69 . 1 

71  .2 

6.5 

93.4 

39.9 

2/4.1 

1 1 3'8  1 .0 

2.438 

1 7 

67321 3 

1 33.3 

145.2 

3 . 

53.3 

l 33.3 

4 31.2 

1 1 1 1 0.3 

3.381 

1 d 

6 732  3 1 

r 

74.3 

136.6 

44 .3 

9.0 

66.5 

330  .4 

1 0392.0 

2.391 

i y 

6 732*+  1 

23.3 

76.5 

24.4 

6.  1 

39.9 

168.9 

1 06  1 9 . 3 

1.591 

2k) 

670339 

139.1 

75.3 

13.  3 

31  .3 

39.9 

303  .6 

39  79. 0 

3.382 

2 1 

6 73.3  1 3 

119.3 

1 77.4 

23.0 

■3. 

39.9 

359.6 

9096.3 

3.953 

2? 

673316 

73.5 

164.2 

23.3 

9.0 

39.9 

309.6 

15174.0 

2.04  ' 

2 3 

673327 

33.3 

88.3 

3. 

25.0 

66.5 

209.5 

1 0390 . 0 

2.016 

24 

673341 

64.8 

73.3 

9.  3 

29.5 

326.  1 

401  .7 

3593  .0 

4.672 

2b 

673395 

99.5 

141.3 

2.5 

24.3 

3. 

257.3 

1 36  30.3 

1 .886 

2b 

673396 

19.5 

1 12.2 

71  .6 

9.  1 

3. 

212.3 

1 0547. 3 

2.01  3 

2 7 

673420 

68.4 

393.5 

44.6 

95.  3 

1 59 . 6 

759.4 

l 0043  .3 

7 .549 
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23 

69  7 03  <5 

1 54.4 

117.5 

4 .0 

32.3 

119.7 

423  .4 

1 W40.0 

4.267 

29 

oh  7560 

32 . 43 

o 9.2 

1 3.3 

/.;) 

30.9 

1 51  . 1 

3430.0 

1 . 782 

30 

60  /o  74 

123.3 

1 4'-).  0 

3. 

29.0 

199.5 

407.3 

9311.0 

0 . 34  1 

TOTAL 

FAULTY  WORKMANSHIP  COST : 

: 3 

49353.2 

PERCENT 

OF 

R TORY : 

23.293 

TOTAL 

MATERIAL  FAILURE  COST  1 

S 

34o39 . 1 

PERCENT 

OF 

REWORK: 

.3<v  . *+ 

TOTAL 

OAwN  1 3AL  I ZAT  DM  CO ST: 

s 

1 0245.4 

o-p CENT 

OF 

SEW)  RK: 

4.  /37 

TOTAL 

OTHER  COST: 

$ 

201 20.4 

PERCENT 

OF 

REWORK : 

9.401 

TOTAL 

REFLY  COST * 

s 

492  71  . 1 

PERCENT 

OF 

REWORK : 

23.021 

TOTAL 

REWORK  COST: 

s 

21  4,329.2 

PERCENT 

RE. 

CORK: 

4.243 

TOTAL  .*■' A I NTE.I  ANCE  GOST  ’•  $5442.453. .5 

TILE  SAMPLE  T STATISTIC*  4.574  IS  GREATER  THAN  T CRITICAL  OF  1.699 
USING  901S  CONFIDENCE,  THE  PERCENTAGE  OF  REWORK  SHOULD  >3“  * 3.24-1-5 .246 


SELECTED  BIBLIOGRAPHY 


A.  REFERENCES  CITED 


1.  3oyer , Captain  Charles  I. , USAF.  "A  Discussion  and 

Comparison  of  Jet  Engine  Overhaul  Costs."  Unpub- 
lished master’s  thesis,  SL3R  30-72A,  School  of 
Systems  and  Logistics,  Air  Force  Institute  of 
Technology  (AU),  Wright-Patterson  AFB,  OH,  January, 
1972. 

2.  Burt,  Lieutenant  Colonel  John  W.  , USAF,  and  Lieutenant 

Robert  T.  Benbow,  USN.  "G-200  Bearing:  An  Analysis 

Concerning  the  Reliability  of  An  Inexpensive  Part 
and  Its  Effect  on  Depot  Level  Repair  Cost."  Unpub- 
lished master's  thesis,  SLSR  13-74-A,  School  of 
Systems  and  Logistics,  Air  Force  Institute  of 
Technology  (AU),  Wright-Patterson  AFB,  OH,  January, 

1974. 

3.  Donaldson,  Theodore  3.  "A  Study  of  IRAN  Effectiveness 

for  the  F-106."  Unpublished  technical  report, 

AD7 36410,  RAND  Corporation,  Santa  Monica,  California, 
October,  197'1  • 

4.  , and  E.  C.  Poggio.  "Depot  Inspection  and 

Repair  Capability:  Unique  or  Redundant?"  Unpub- 

lished technical  report,  AD  A00 34-92,  RAND 
Corporation,  Santa  Monica,  California,  November, 

1974. 

5.  Duke,  Thomas  C.  Engineering  and  Planning  Branch, 

Directorate  of  Maintenance,  Ogden  Air  Logistics 
Center,  Hill  AFB,  UT.  Telephone  interview. 

27  July  1976. 

6.  Genet,  Russell  M.  "Chi  Square  Analysis  of  G-200  Gyro- 

scopes Returned  By  the  User  7s.  Units  Not  Returned." 
Unpublished  technical  report,  AD909514L?  Aerospace 
Guidance  and  Metrology  Center,  Newark  Air  Force 
Station,  Newark,  Ohio,  January,  1970. 

7.  . "The  Application  of  Operations  Analysis  to 

Achieve  Ma^'or  Cost  Savings  in  the  Repair  Process 
at  AGMC."  Unpublished  technical  report,  AD918396L, 
Aerospace  Guidance  and  Metrology  Center,  Newark  Air 
Force  Station,  Newark,  Ohio,  20  June  1972. 


63 


69 

3.  . Chief,  Industrial  Engineering  Support 

Division , Aerospace  Guidance  and  Metrology  Center, 
Newark  Air  Force  Station,  Newark,  Ohio.  Telephone 
interview.  10  November  1975- 

9.  and  Patrick  R.  Handley.  "Rebuild  Vs. 

Repair — A Logistics  Analysis."  Unpublished 
cechnicai  report,  AD909532L , Aerospace  Guidance 
and  Metrology  Center,  Newark  Air  Force  Station, 
Newark,  Ohio,  August,  1 97'"!. 

10.  Glad,  Major  Richard  F. , USAF.  Student,  Air  Force 

Institute  of  Technology  (AU),  Wright-Patterson 
AF3 , OH.  Personal  interview.  17  November  1975. 

11.  Iwersin,  Major  Alfred,  Jr.,  USAF.  "Cost  Effectiveness 

Analysis  of  Complex  Repair  Processes  Using 
Graphical  Evaluation  Review  Technique  (GERT)." 
Unpublished  technical  report,  AU-AFIT-SL-2-75 , 
School  of  Systems  and  Logistics , Air  Force 
Institute  of  Technology  (AU),  Wright-Patterson 
AF3,  OH,  February,  1974-. 

12.  Larsen,  J.  E. , and  others.  "Aeronautical  Analytical 

Rework  Program."  Unpublished  technical  report;, 

AD  B0C644-3,  IRT  Corporation,  San  Diego,  California, 
February,  1975. 

13.  Lavallee,  William.  "Aircraft  Periodic  Depot  Level 

Maintenance  Study."  Unpublished  technical  report, 
AD  3002570L,  Center  for  Naval  Analysis,  Arlington, 
Virginia,  November,  197^. 

1h.  Lay,  Major  Edward  L. , USAF.  "Sub-Depot  Maintenance 
for  the  B-52G/H. " Unpublished  research  report, 
AD920556,  Air  Command  and  Staff  College,  Air 
University,  197^. 

15-  Lepas , George  W.  Chief,  Production  Branch,  Aircraft 
Division,  Directorate  of  Maintenance,  Ogden  Air 
Logistics  Center,  Hill  AFB,  UT.  Telephone  inter- 
view. 27  July  1976. 

16.  Lofgreen,  Val  G.  Chief,  Engineering  and  Planning 

Branch,  Aircraft  Division,  Directorate  of  Main- 
tenance, Ogden  Air  Logistics  Center,  Hill  AFB, 

UT.  Telephone  interview.  27  July  1976. 

17.  Martin,  Richard  R.  "Final  Analysis  of  the  Changes  In 

Support  Cost  and  Reliability  of  the  LN-12  Inertial 
Platform."  Unpublished  technical  report,  AD922376, 
Aerospace  Guidance  and  Metrology  Center,  Newark 
Air  Force  Station,  Newark,  Ohio,  October,  1973. 


L 


I 


70 


I 


13.  Morgan,  John  0.,  and  others.  "A  Study  of  Department 
of  Defense  Depot-Maintenance  Requirements , Capa- 
bilities , and  Capacities."  Unpublished  technical 
report,  AD  A004957,  Institute  for  Defense  Analysis, 
Arlington,  Virginia,  July,  1974-. 

19.  Plunkett,  Major  Wilfred  H.  , USAP,  and  Lieutenant 

Richard  N.  Moore,  USAP.  "Depot  Requirements  for 
Base  Level  Data  on  Aircraft  Inertial  Platforms." 
Unpublished  master's  thesis,  SLSR  2-74-3 , School 
of  Systems  and  Logistics,  Air  Porce  Institute  of 
Technology  (AU),  Wright-Pat terson  APB,  OH,  August, 

1974. 


Smith,  Richard.  Engineering  and  Planning  Branch,  Air- 
craft Division,  Directorate  of  Maintenance,  Ogden 
Air  Logistics  Center,  Hill  APB,  UT.  Personal 
interview.  10  November  1975. 

U.  S.  Department  of  the  Air  Force.  Equipment  Main- 
tenance Policies,  Objectives,  Responsibilities. 
APR  06-Id.  Washington:  Government  Printing 

Office,  5 February  1973* 


U.  3.  Air  Perce  Logistics  Command.  Analytical  Con- 
dition Inspection  Program.  AFLCR  66-28. 
Wright-Patterson  APB,  OH!,  17  April  1969. 

. Depot  Maintenance  Management.  AFLCM  66-1 . 
Wright-Patterson  APB,  OH,  17  January  1975. 


2d.  Vincent,  William  A.  Deputy  Chief,  Aircraft  Division, 
Directorate  of  Maintenance,  Ogden  Air  Logistics 
Center,  Hill  APB,  UT.  Telephone  interviews. 

9 October  1975  through  27  July  1976. 


25.  Watson,  Squadron  Leader  E.  B. , RAAP,  and  Major 

Charles  R.  Waterman,  Jr. , USAP.  "A  Cost  Analysis 
of  the  KT-73  Inertial  Measurement  Unit  Repair 
Process  Using  Absorbing  Markov  Chains."  Unpub- 
lished master's  thesis,  SLSR  19-74-B,  School  of 
Systems  and  Logistics,  Wright-Patterson  APB,  OH, 

1974. 


3.  RELATED  SOURCES 


Albright,  David  L.  "Cost  Estimating  Relationships  for  Field 
and  Depot  Maintenance  Parts  Costs  of  Army  Turbine 
Powered  Helicopters:  Army  Stock  Fund  Parts;  Pema 

Secondary  Parts."  Unpublished  technical  report,  74—65, 
U.  3.  Army  Aviation  Systems  Command,  St.  Louis, 

Missouri,  November,  1973. 


■I  ■ 


71 


Clark,  Captain  Micheal  S.  , USA?,  and  Captain  Robert  E. 
Johnson,  USA?.  "A  Cost/Decision  Model  for  the  Defe 
Procurement  of  an  Air  ?orce  Depot  Maintenance 


Capability — With  a Computerized  Application  to  the 
P-1 5 IN’S.''  Unpublished  master's  thesis,  GSM/SM/71-2, 
School  of  Engineering,  Air  Porce  Institute  of  Tech- 
nology (AU),  Wright-Patt erson  APB,  OH,  November,  1971. 


Dade,  Marsha. 
Analysis 
AD7S1141  , 


December, 


"Examples  of  Aircraft  Scheduled  Mainte: 
Problems."  Unpublished  technical  report 
HAND  Corooration,  Springfield,  7irginia 
1973. 


.ance 


Genet,  Russell  M.  "An  Introduction  to  Repair  Engineering 
and  Its  Application  at  Special  Repair  Pacilities." 
Unpublished  technical  report,  AD909513,  Aerospace 
Guidance  and  Metrology  Cencer,  Newark  Air  Porce 
Station,  Newark,  Ohio,  November,  1969. 

"Puture  Logistics  Management  and  Equipment  Irem 

Tests. " Unpublished  technical  report,  AD909625L,  Aero- 
space Guidance  and  Metrology  Center,  Newark  Air  Porce 
Station,  Newark,  Ohio,  September,  1972. 


, and  Patrick  Handley.  "Auditing  the  Quality  of 

Test”  Decisions  and  Test  Equipment  at  AGMC."  Unpublished 
technical  report,  AD918392L,  Aerospace  Guidance  and 
Metrology  Cenrer,  Newark  Air  Porce  Station,  Newark, 

Ohio,  September,  '1972. 


, and  others.  "A  Short  Run  Economics  of  Scale 

Analysis  of  the  Aerospace  Guidance  and  Metrology 
Center  (AGMC)."  Unpublished  rechnical  report, 

AD922397E,  Aerospace  Guidance  and  Metrology  Center, 
Newark  Air  Porce  Station,  Newark,  Ohio,  June,  1974. 

. "An  Economical  Model  of  a Repair  Depot."  Unpub - 
lished  technical  report,  AD  A003476L,  Aerospace  Guidance 
and  Metrology  Center,  Newark  Air  Porce  Station,  Newark, 
Ohio,  December,  1974. 


Hauschild,  Anton.  "An  Analysis  of  Radio  Dispatch  Operations 
in  the  Maintenance  Directorate  of  Red  River  Army  Depot." 
Unpublished  technical  report,  AD  A0064-77 , Army  Materiel 
Command,  Texarkana,  Texas,  March,  1974. 


Hunt,  Don.  "A  Model  for  Contract  Pricing  for  Use  By 
Government  Depots  in  Conjunction  with  the  Use  of 
Government  Depot  Warranties  in  Multi-Year  Contracting 
at  Fixed  Prices."  Unpublished  technical  report, 
AD921656L,  Aerospace  Guidance  and  Metrology  Center, 
Newark  Air  Porce  Station,  Newark,  Ohio,  July,  1974. 


72 


, Russell  Genet,  and  Theodore  Crosier.  "Government 

Sepot  Maintenance  Warranties."  Unpublished  technical 
report,  AD922375L,  Aerospace  Guidance  and  Metrology 
Center,  Newark  Air  Force  Station,  Newark,  Ohio,  August, 
19  74. 

Morgan,  John  D. , and  Francis  L.  McDonald.  "A  Model  for 
Army  Central  Supply  and  Maintenance  Resource  Require- 
ments." Unpublished  technical  report,  AD  A005731  , 
Institute  for  Defense  Analyses,  Arlington,  Virginia, 

* September,  1974. 


I 


BIOGRAPHICAL  SKETCHES 


Captain  John  3.  Berry  received  his  Bachelor  of 
Science  degree  in  Engineering  Sciences  from  Arizona  State 
University  and  was  commissioned  as  a Distinguished  Grad- 
uate from  Officer  Braining  School  in  1970.  Following 
graduation  from  Aircraft  Maintenance  Officer  School  as 
a Distinguished  Graduate,  Captain  Berry  held  positions  of 
QMS  Maintenance  Supervisor,  FMS  Maintenance  Supervisor, 

Wing  Job  Control  Officer,  and  NAF  Industrial  Engineer. 

Prior  to  entering  API I , he  was  a NAP  Management  Analyst 
at  Ogden  Air  Logistics  Center.  Captain  Berry's  next 
assignment  is  to  the  Logistics  Management  Center  at  Gunner 
APB,  Alabama. 

Mr.  Raymond  M.  Hines  received  his  Bachelor  of  Science 
degree  in  Electrical  Engineering  from  Fresno  State  College 
in  1962.  Prom  1962  to  1965  Mr.  Hines  worked  as  Project 
Engineer  in  the  Service  Engineering  Division  at  Norton  APB, 
California.  In  1965,  Mr.  Hines  transferred  to  McClellan 
APB,  California  where  he  worked  as  Communications  Engineer 
for  Headquarters  Western  GEEIA  Region.  Prom  1966  until  his 
admission  to  APIT  in  1975,  Mr.  Hines  was  assigned  to  the 
Service  Engineering  Division  at  McClellan  APB,  California. 
During  this  period  he  worked  as  Value  Engineer  and  Project 
Engineer.  Mr.  Hines  is  a member  of  the  Society  of  Logistics 
Engineers  and  the  Sigma  Iota  Epsilon  National  Honorary 
Management  Fraternity. 


7h 


